
2 MONTHLY WEATHER BEVIEW. 

SECTION I.-AEROLOGY. 
SOLAR AND SKY BADIATION MEASUBEMENTS DUBWQ JANUABY, 1917. 

By HERBERT H. KIPBALL, Profemr of Meteorology. 
[Dated: Waahtngton, D. C., Feb. !27,1917.] 

INSTRUMENTS AND EXPOSUBES. 

In this REVIEW for January, 1916, 44:2, will be found 
descriptions of the exposure of the Marvin yrheliometer 

obtaining and reducing the radiation measurements. 
These still apply, except that a t  Santa Fe, N. Mex., 
the yrheliometer is now installed in a shelter on the roof 
of t E e office buildinw, a t  an elevation of 7,037 feet (2,145 
meters), above sedevel, where exposure to the sun is 
possible at all hours of the day.’ 

On pa e 3 of the same number of the REVIEW will be 
found a escri tion of the 

at  the various stations, and an account of t 1$ e method of 

imeter a t  % % ,  Was ngton, D. 
where measurements of the percenta 
shclight are made. A olarimeter o 
is also installed a t  Ma L ‘ on, Wis., 
Hd of the University of Wisconsin. It is about 20 feet 
north of the thermometer shelter on which the Callendar 

yrheliometer is located (see below), and about 10 feet P ower than the latter. The proximity of Lake Mendota 
to North Hall may slight1 reduce the slqdight polariza- 
tion measurements a t  ti!is oint in summer. Since 
measurements are not made w \ en the ound is covered 
with snow, very few measurements wgif be obtained at  
Madison during the winter season. 

I n  this REVIEW for January and April, 1916, 44:4, 
179-180, will be found descriptions of the ex osure of the 
Callendar recording pyrheliometer a t  the &Berent sta- 
tions, and an account of the method by which the records 
are reduced to heat units. Since the burning of Uni- 
versity Hall a t  Madison, Wis., on October 10, 1916, the 
dome of that building no longer shades the Callendar 
pyrheliometer a t  any season of the year. 

RADIATION NORMALS. 

The monthly normals from which are computed the 
departures of ?able 1, are revised each month to include 
the current measuremenh. The series of measurements 
a t  Madison and Santa Fe from which these normals are 
computed ’ include readings obtained during the years 
1912 and 1913, which were abnormally low on account of 
the dust condition of the atmos here following the eru 

aeries a t  Lincoln and Washington do not include these 
years. In  consequence, the probability of the occurrence 
of plus departures of radiation intensities in Table 1 is 

tion of H atmai volcano in Alas-a 1 in June, 1912. T%i 

1 Thls REYIEW, &y, 1916144~!244. 

JANUARY, 1911 

greater a t  Madison and Santa Fe than at  Washin ton 
and Lincoln. “he daily normals of radiation of Tahe 3 
?‘Daily total” + “Departure from normal”), are also 
recomputed to include the current daily totals of each 
month. 

SOLAB CONSTANT DETERMINATIONS. 

Whenever the Marvin pyrheliometer measurements 
indicate a sufficiently constant value of the atmospheric 
transmission coefficient t h o u  hout a half-day period, 

sun), and also to air mass 0 (outer limit of the atmos- 
phere). From this latter value, in connection with the 
water vapor pressures of Table 2, the value of the solar 
constant is computed by the Smithsonian “Abridged 
procedure for determining approximately the value of the 
solar constant.”a The method is described and illus- 
trated in the REVIEW for September, 1915,43:440-441. 

the readings are extrapolate f to air mass 1 (zenithal 

OBSERVATIONS. 

Table 1 is a summary of the measurements that have 
been made at  the different stations durin January, 1917, 
with the Marvin pyrheliometer. The separtures from 
normal values indicate that direct solar radiation inten- 
sities were about normal a t  Madison and Lincoln, slightly 
above normal a t  Santa Fe, and slightly below normal a t  
Washington. At Lincoln a noon intensity of 1.56 calo- 
ries obtained on the 13th exceeds by about 2 per cent the 
maximum nom intensit of January, 1916. At Santa 

same day, equals any previous intensity measured a t  that 
station. 

Skylight polarization measurements made a t  Wash- 
ington on 6 days give a mean of 61 per cent and a maxi- 
mum of 66 per cent on three different days. This latter 
is slightly less than the average January maximum for 
Washington. 

Table 3 shows less than tho normal amount of radiation 
for the month a t  Washington and Lincoln, and more 
than the normal amount a t  Madison. 
On the afternoon of January 5, at  Madison, and on the 

mornings of January 8, 25, and 27, at  Santa Fe, the 
measurements with the Marvin p-heliometer indicate 
quite steady sky conditions with respect to the trans- 
mission of solar radiation. Extrapolation of the readings 
to air mass 1 and air mass 0 gives the results tabulated 
in Table 4. 

Be the noon intensity o 9 1.66 calories, measured on the 
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TABLE 140la7 radicrtwn intensities M n g  Janumy, 1917-contd. 
[Gram+alorles per minute per square centimeter of normal surface.] 

1.0 1.5 2.0 

ea~. ea~.  ea~. ........................... ..................... 1.31 

..................... 1.62 ..................... 1.59 

..................... 1.16 

..................... 1.39 ..................... 1.41 ..................... 1.36 

.......................... 

......................... ......................... 

......................... 

.......I ....... I 1.39 

TABLE l.-80lur radiation intcnsitiea during January, 1917. 
( ~ m 4 o r l e s  per minute per square emtimeter of normsl surface.] 

Washington, D. C. 

sua's senlth distsnce. 

0.0. I 48.3' I 60.0.0. I 68.6. 1 70.1' 1 73.8' 1 76.7' I 77.4. I 18.7' 

Date. 
Air mass. 

A.m. 
Jan. 2 

6 
11 
12 
17 
18 
19 ae 
80 

M o n t h l y  
meaJLI 

Lincoln, Nebr. 

Sun's z d t h  distance. 

0.00 I 4s.v 1 BOD* I 1x5- I 10.7- I 73.130 I 75.70 1 77.40 I 78.7- I m.8. 
Data. 

Air mass. 

W. W .  CUE. ..................... 1.17 ..................... 1.19 ..................... 1.12 ..................... 1.16 ..................... 0.88 ..................... 1.17 ..................... 1.30 ..................... 1.08 ..................... 1.14 

................... 1.15 

ai .  

0.62 

0.62 

0.69 
0.a  

0.62 

w. ma. ................... 
0.58 0.55 

0.58 0.50 

0.62 0.57 
0.83 ..---- 
0.68 0.M 

................... 

................... 

................... 

0.83 

0.85 

............ ...... ............ ...... ............ ............ 

............. 
1.07 

1.13 

............. ............. 
ass 

._._._ 

0.69 

-6.10 

0.58 
0.90 

0.78 
0.81 

0.77 

.0.05 

0.64 0.54 

-0.09 -0.13 

................... 
0.51 ...... 
0.86 ...... ................... ................... ............. 
0.79 0.70 ................... 
0.72 (0.76) 

-0.05 +0.02 

-0.02 

1.08 

...... 

............ ...... 
P. Y. 

J a n . 3  
5 
8 

13 
29 

M o n t h l y  
means 

Departure 
from% ear 
n o r d .  

............................ 1.22 1.20 ...... ............................ 1.39 1.31 1.30 ............................ 1.35 ............. ............................ 1.52 1.3R 1.32 ............................ 1.30 1.19 1.13 

.......................... 1.36 1.27 1.B 

....................... &LOO +O.OZ +O.OI 

1.06 

-0.03 

(1.07 

+0.01 
M o n t h l y  

means 
Depar ture  

from0- ear d... 
................... 1.24 

.............. +0.03 

A.m. 
Jan. 5 

8 
9. 

11 
13 
23 
24 
25 
27 
2'2 

1.0 1.5 2.0 --- 
d. Gal. Crrl. ..................... 1.57 ..................... 1.50 

..................... 1.51 ..................... 1.64 .............. 1.64 1.57 ..................... 1.60 .............. 1.60 1.52 .............. 1.65 1.59 .............. 1 1 . 6 4  1.53 

.......................... 

M o n t h l y 1  I 
Departure 1 1 1 means. ........... 1.56 

from5 ear 
normal! .......... +0.07 I+O.OS 

1.49 

+0.05 

.................... ................................. ................................. .................... 1.43 ...... .................... 1.37 ...... .................... 1.39 ...... ............. 1.50 1.36 1.24 .................... 1.37 ...... ............. 1.30 1.27 1.23 

............. (1.40) 1.37 1.25 

............. +O,M +0.01 -0.02 

.................... 1.39 1.31 .................... 1.35 1.33 ........................... 1.07 .................... 1.24 1.11 ........................... 1.25 .................... 1.24 1.17 

.................... 1.30 1.11 

.................... -0.02 -0.03 

.................... 
0.99 ! 0.93 ............. ................... ................... ...... 
...... I::::::. ................... 
1.04 0.99 

1.02) (0.W) 

-0.03 +O.M 

................... ............. ................... ................... ................... ................... 

............. 

................... 

0.87 
1.00 

....... ...... 
...... 

(0.94) 

-0.02 

1.30 

(1.30) 

- 

P. Y. 
Jan. 5 

13 
25 
27 
29 

..................... 1.57 1.49 ............................ 1.49 ..................... 1.44 ...... ............................ 1.49 ..................... 1.50 1.43 

1.36 
1.35 

1.37 
1.31 

1.35 

1.31 1.23 1.20 1.15 

.................... 1.14 ...... 
1.33 .................... 
1.26 1.21 ............. 
1.30 (1.22) (1.17) (1.15) 

........................... 

- 
2.5 _ _  
eal. 
1.17 

1.43 
1.41 
1.47 

1 39 

1.22 

1.22 

1.33 

....... 

....... 

....... 

....... ....... 

-0.01 

- 
4.0 

ea2. 

1.23 
1.04 
1. a 
1.18 
1.1s 

0.90 

- 
...... ...... 

...... 

...... ...... 

- 
4.5 

eal. 
- 
...... ...... 

1.13 

1.17 
...... 
,_._.. ...... ...... 

0.87 ...... ...... ...... 
1.06 

to. 02 

...... 
1. 14 

1.20 
I . _ . _ .  

...... 

1. I7 

to. 07 
- 

3.0 1 3.5 -- 
eal. 1-Z ....... , ...... I 1.0 I 1.5 I 2.0 2.6 3.0 3.5 4.0 4.5 1 5.0 I 5.5 

............ 
1.07 ...... ...... 0.90 
1.11 1.04 

ma. 
1.05 
0.88 

1.03 

1.08 
1.16 

1.07 

1.Y 

..... 

.._.. 

..... 

-0.02 

1.00 
0.96 

1.05 
1.14 
1.14 

1.16 

1.10 

1. m 

..... 

-0.02 

cal. 
0.97 
0.87 

0.93 

0.89 
1.06 
0.94 
0. w) 

0.M 

...... 

...... 

-8.05 

...... 
0. a5 
1.15 

1.02 
1.00 
1.09 

...... 

...... 

1.02 

-0.02 

w. 
0.83 
0.75 

0.81 

0.80 
1.00 
0.86 
0.76 

0.83 

..... 

...... 

-0.09 

..... 
0.74 
1.01 

0.92 
0.93 
0.88 
1.02 

0.94 

.-.._ 

:O.OO 
- 

tal. 

0.67 
...... 
...... 
0. m ...... 
0.75 
0.94 

0.68 

0.75 

...... 

-0.12 

...... 
0.6.5 
0.95 

0.83 
0.88 
0.88 

0.86 

...... ...... 

.O.Q 

1.31 

...... I...... 
0.M (0.97) 

10.00 +0.01 
I - ~ I  

1.13 

to. 01 

..--.. 
1.20 

1.28 
...... 
...... 

1.23 

to. 06 
- 

Departure 
from% norma{. earl 1 I ................ -0.03 I ...... ....... 1--0.05 

Jan. 2 

12 
1.36 

............ 
ass ...... 
1.13/ 1-07 

19.. ......................... 
a6 ..................... 1.19 
a9 ..................... 1.27 
30 ..................... I l l  1.24 

Sun's z d t h  distance. 

0.00 I ~ 1 . 8 0  j m.00 I 68.50 I 70.70 1 73.13- 1 75.70 I 77.40 I 7a.7. j 79.8. I Air mass. 
Date. 

Madlaon. Wls. 

-- 
3.0 

CUI. 
1.48 
1.37 

1.45 
1.39 

1.39 
1.40 
1.36 

1.42 

- 

...... 

...... ..... 

t0.01 

1.41 
1.42 

1.43 
1.37 

1.41 

...... 

2.5 

eal. 
1.54 
1.44 

1.4s 
1.51 
1.50 
1.52 
1.46 
1.55 
1.43 

- 

...... 

36 1 4.0 I 4.:. 1 6.0 I 5 6  

CUI. cal. 001. eal. 
----- 

Date. ....... ...... 

3.5 

eal. 
1.21 
1.12 

1.18 
1.18 

1.17 

1. I7 

- 

..... ..... 

..... ..... 

-0.01 

1.25 ..... ..... _._.. 
1.22 
1.10 

1.19 

to.01 
- 

4.0 4.5 1 6.0 I 5.5 .......................... 
1.29 .................... 
1.26 .................... 
1.40 
1.24 

1.3s 
1.32 
1.43 
1.30 

-1-1- 
~ . m .  

Jan. 5 _.___. 
a... ... 
O.... . .  

11.. .... 
16.. .... 
18.. .... m...... 
B...... 
24-..... 

M o n t h 1 3  
memu.... 

eaz. ...... 
1.05 

1.14 
...... 
...... ...... ...... ...... 

1 . a  

1.09 

t0.01 

1.18 ...... ...... ...... ...... 
1.03 

(1. IO) 

-0.01 
-- 

1.361 1.30 1.26 

taoi +O.Q +o.oa i 
Departuri  

from7 BB 
llwmai?. . Milk!!.?.l ....... 1 .......I 1.50 I 1.48 P. m. 

Ian. 5 ...... 
B...... 
B...... TABLE 2.- Vapor pressures at pyrlreliinnetrie statim 012 duys when solar 

radiation intensities were nwasured. 
Washington, D. C .  11 Madison, Wh. 11 Lineoh, New. 11 Banta Fe, N. Mex. 

24.. .... 
%...... as...... 

M o n t h l y  
means.... I a.m. 8p.m. Date. 8 a.m -1-11-1- 1p.m. 

mm. 
1.88 
3.00 
3.45 
1.96 

408 
1.45 
1.78 
1. I 
228 

a 71 

- 

Departurl  
fromi- ea 
n o m L  .. 
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Lin- 
wln. 

tal. 
30 
4 
6 

-42 
35 
-7 
-18 

16 
-17 
-38 

-2 
15 
69 
1 

-25 
-32 
-34 

TABI% 3.--Dai&! totab and depattvsr of solar and 8% radiation during 
J a n w  y, 1917. 

-- 
Wash- 
ington. 

cal. 
-62 
-5 

-110 
-!&i 
-348 
-290 
-315 
-?A9 
-305 
-410 

-377 
-2D8 
-408 
-378 
-480 
-489 
-443 

-- 

D8y O f  
month. 

Lin- 
coln. 

d. 
211 
180 
189 
142 
Z20 
180 
170 

1917. 
Jan. l... 

Z... 
3... 
4. .. 
6. .. 
0... 
I . . .  
8... 
9... 

lo... 
ll... 
12... 
13 ... 
14.. . 
15... 
10... 
17 ... 
18 ... 
19 ... m... 

ll... n... 
B... 
N... 
%.., aa... n... 
ls... 
29... 
30.., 
31.. 

wash- w- 
ington. SOIL 

wl. cat. 
-62 63 
67 48 

-105 3a 
-96 -30 

-142 69 
6.3 37 

-25 61 

--- 
wash- 
ington. 

wl. 
218 
58 
65 
19 
sa0 
138 

109 
66 

247 
01 
198 

170 

278 
244 

114 

77 
202 
149 
298 
30 asc 
117 

w- 
aon. 

-- 
d. 

8 9 2 0 1  
193 
179 
117 
217 
187 
212 m m  
178 
135 

m m  
80 
as0 
262 

0 3 m  
!a39 

m p o  
a50 
172 

a x 2 2 8  

hcadedepmhu 
2 4 2 4  

260 
a s s a n  

271 
a 0 3 2 5 3  

165 
179 
218 
!A51 
188 
17 

-departru 

192 
210 
256 m 
170 
172 
172 
254 
a38 
124 

Date. 

1917. 
Afadiam,WIa. ..................... Jan.5,p.m ........ 
BaataFe,N.Mex .................. J811.8,a.m ........ 

25 8.m ........ 
2Xa.m ........ 

39 
79 

-108 as 
-108 
-3 
40 
0s 
101 
!a3 

Radi8thhtenaity. 

m=1 m=O 

Bohr 
constant. 

~ - -  
Cabiw. a m w .  ~ O r i W .  

1.60 1.79 1.87 
1.59 1.73 1.82 
1.68 1.79 1.87 
1.w 1.77 1.86 - 

73 
-79 
100 
100 
73 
73 
b2 
80 

-1 
53 

...................... 
-78 
31 
28 
11 
-&l 
-77 
14 
25 
3 
16 

-24 
....... 

-407 
-476 
-396 
-505 
-490 
-419 
-403 
-361 
-629 
-440 
-632 

-281 

Exaw or de.ftdency dories.. -532 
sincefustofyesr. {Percent -9.8 

- 
Kf4di- 
son. 

cal. 
63 
111 
144 
114 
1 I  aao 
281 
328 
352 
331 

404 
325 
426 
626 
598 
071 
7-B 
803 
801 
855 

5a4 

702 
783 
819 
900 

1.033 
1, 

1 021 
(075 
1, 
878 

23 

87a 
is. a 

- 
Lin- 
coln. 

C O l .  
30 
34 
40 

-2 
33 
26 
8 

% 
9 

-29 

-31 
-10 
43 
44 
19 

-13 
-47 
-2 aa 
-69 
-40 

-147 
-110 
-88 
-77 
-157 
--a34 
-!am 
-185 
-192 
-170 -m 
-131 

-ma 
-3.1 

TABLE 4 . 4 o l a s  s a d i a t h  intendies for zenithal mn, reduced to mean 
mlar dhtanc8 of i%? earth, and approxhute values of the solar constant. 

[ O ~ ~ s p e r n ~ l n u t e p e r e q n a r e c e n t i m e t e r o f  normelsurlaoe.] 

station. 

A YEASUBEYENT OF THE EFFECT OF CITY SMOKE. 

January 5,1917, was an unusually clear day at Lincoln, 
except that from the State university farm a heavy cloud 
of smoke was visible to the southwest over the city. "he 
wind was about 6 miles per hour from the west or north- 
west until about noon, when it shifted to southwest, 
bringing the smoke directly over the universit farm. 

from 1:43 calories at 10:35 a. m., apparent h e ,  With 
air mass 2.5, to 1.17 calories at 11 :45 a. m., With ak mass 

As a result the direct solar radiation intensity B ropped 

2.23. By 1 2 5 ~ .  m., the wind had gone to the south, 
the smoke clou had passed away, and the intensity of 
direct solar radiation with air mass 2.5 had increased to 
1.39 calories. From the Callendar pyrheliometer record 
we find that the radiation received on a horizontal sur- 
face from the sun and sky dropped from a rate of 0.67 
calory per minute at 11 : 40 a. m. to 0.49 calory per min- 
ute a t  12:10 p. m., a falling oft' of more than one-fourth, 
and returned to 0.66 calory a t  1 p. m. 

At the Weather Bureau office in Lincoln, where the 
snioke cloucl was -,robably a t  about its masinium density, 
it wits not notired that the sky on this day presented any 
unusual appearance. At the State university farm the 
observer noticed the approach of the smoke cloud, and/ 
its passwe over his station. He states that it gave the 
sky "a l a z y  or dirty appearance for a short time." 
From the above description i t  would seem that this was 
nothing more than the usual smoke cloud that is to be 
found over any city of moderate size where soft coal is 
burned on a day with light wind. 

rs/. 3-93 
NOTES ON TEE HORJZONTAL BAINBOW.' 

By SAEMONTAB6 NAKAMUEA. 

I pointed out in my last paper that the horizontal 
rainbow is due to water drops on a water surface, but I 
could not find the reason why water drops can float on a 
water surface. 

It was my desire to explain how water dro s are sup- 

the drops of water floating on a small -pool in 

is about 2 meters-that I had never e s  ected to find any 

bow and found out how the drops are supported.2 
I found fine soot dust floating on the water and dew- 

drops were resting on the soot particles. Looking alo 
the water surface I also perceived the water drops an 
their images in the water surface. It seemed to me that 
the distance between a water drop and its reflected image 
might be 1/100 mm. or so; the diameter of a drop lies 
between 1/10 mm. and 1.0 mm. 

ported on a water surface. Unexpectedly P saw, one 

m o ~ n % )  the gar en of my house. The pool is so small4iameter 

rainbow on it. In this pool actually P observed a rain- 

3 

The observation was made on the niorning of Deceni- 
ber 13, 1916,. and at the time the water temperature 
was 4OC. whde the vertical temperature distribution 
above the pool was as follows: 
Altitude ........................... 100cm. 50cm. 10cm. 2 cm. 
Airtemperature ..................... 7.2'C:. 6.2' 5.6' 4.9' 

The horizontal rainbow which occasionally appears in 
Tokyo may be explained as may be the rniiibow seen this 
day in this pool. If there were rainfall or wind, such 
h e  dust would be cleared away and no horizontal rain- 
bows would be produced. 

1 Reprintedfrom Journal of the Metarologics1 Society of Japan, J8n. lg17,36: 1. 
s 8ee in this connection: 
Judoly, C. HorLantalrsinbm on L8ke Yendota, thls REVIEW, Feb., 1916, 44:60 and 

67.--0. Au,jI- 


